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IranThis study has developed and applied a planning support system (PSS) – a tool for planners
to analyze and choose the best policy instrument in order to adapt to climate change in the
Qazvin irrigation and drainage network, located in the central part of Iran that is mainly
supplied by the Taleghan reservoir. A comprehensive weather generator was developed
that was capable of regenerating statistical characteristics and linear correlation between
neighboring stations. After downscaling monthly outputs from General Circulation Models
(GCMs) using the Inverse Distance Weighting (IDW) interpolation method, the weather
generator was used to generate daily time series for the base case and projected climate
change scenarios. This study simulated the Taleghan reservoir daily inﬂow under projected
climate change scenarios using the data fusion method where outputs from the most rep-
resentative Artiﬁcial Neural Networks and Hammerstein–Wiener models were ‘‘fused’’ to
simulate the reservoir daily inﬂow. Results showed a decrease in mean daily inﬂow in
almost all months. Biophysical input coefﬁcients were estimated using the Decision Sup-
port System for Agrotechnology Transfer (DSSAT) crop models under all climate scenarios.
The projected production of all studied crops can vary between 86% and 122% of the poten-
tial production under the base-case scenario. In addition, it was revealed that the net irri-
gation requirement for crops will decrease by 12% on an average. The main goal of the PSS
was to maximize the total net income for the region. It can be concluded that reducing
bank loan interest rate and setting two different water prices for surface and pressurized
irrigation systems can be seen as the best management practices in the region.
 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Agriculture is one of the most important sectors of Iran’s economy. A major part of national employment and a large share
of its land and water use are closely related to this sector. More than 17 million hectares of the country’s lands are allocated
to agriculture and nearly 94% of water supply is consumed by irrigated agriculture (Alizadeh and Keshavarz, 2005). Iran’s
agriculture currently feeds more than 70 million inhabitants. One of the most critical challenges before the country’s agri-
culture is the sustainable use of its available resources in order to improve food production and living standard. Currently,
Iran imports a major part of its requirements to the strategic crops (e.g.wheat, rice, potato, oil seeds and sugar beet). Sociallyersity of
40 B. Ababaei et al. / Climate Risk Management 6 (2014) 39–50and economically, increasing gross domestic agricultural productions and improving self-sufﬁciency are the main priorities
in the government’s objectives. Current production level of most crops is considerably lower than their potential levels
because of lack of robust production technologies, inadequate water supplies and essentially ineffective government policies
(Farhadi Bansouleh, 2009).
Despite being widely practiced by many nations around the world, designing a planning support system (PSS) did not
receive enough attention in Iran. A PSS can use available data and combine biophysical and socio-economic information
in a planning and policy making process. Taking into consideration recent progresses in geo-information technologies, using
regional average values of crop productions or personal judgments in a planning process is not a proper and efﬁcient practice
due to spatial variations of these values and the possibility of making an unrealistic plan. Therefore, it is necessary to develop
a system to combine biophysical and socio-economic information from local to regional scales. Such a system can support
planning and policy making in agriculture and can also be a basis for analysis at different spatial scales and can prompt dis-
cussion between different stakeholders.
Through a careful literature review it was found that in the national planning processes, the potential impacts of climate
change on the agriculture sector in Iran has not been adequately addressed. Hence, in this study, a spatial planning support
system is used to develop and assess some policy instruments for adaptation to climate change in the Qazvin irrigation and
drainage network which is located in the central part of Iran. The proposed PSS makes use of available biophysical and socio-
economic information from different spatial scales.Materials and methods
Study area
The study area includes the Qazvin irrigation and drainage network, which is located in the Qazvin province of Iran (35-
300 to 36-400N and 49-100 to 50-400E; Fig. 1). This area is one of the most important agricultural producing regions in the
country. The major irrigated crops cultivated in this area are wheat, barley, corn and tomato. The whole area of the network
has been reported about 85,000 ha (Ramezani Etedali, 2012) and 25–35% of the whole area is kept fallow each year. From
approximately 58,000 ha of cropping area, 50% is allocated to winter crops (cereals) and 15–25% to spring crops. The agri-
cultural water requirement of this network is mainly supplied from the Taleghan reservoir located in the east side of the
network with total capacity of 450 MCM (million cubic meter). According to the reservoir design plan, 278 MCM is to beFig. 1. Location of the study area in Iran.
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of Tehran (the country’s capital city) and 12 MCM to downstream environmental requirements.
Model structure
The ﬁrst stage is to describe the characteristics of Land Utilization Types (LUTs). Each LUT is a unique combination of
cropping scenarios (crop + planting date + irrigation regime) and irrigation methods (surface or pressurized systems).
Afterward, Land Units (LUs) were mapped by overlaying soil maps and weather grid (Fig. 2). In the study area, each soil unit
is associated with a soil family (Table 1) and a soil subcategory. Soil classiﬁcation was performed according to the USDAFig. 2. Soil map with weather stations (up), and ﬁnal land units (down).
Table 1
Soil families in the study area according to USDA taxonomy.
No. USDA Soil Taxonomy (USDA, 2003)
Family* Subgroup Order
1 Loamy–skeletal over sandy–skeletal, mixed, superactive, calcareous, mesic Typic Xerorthents Entisols
2 Fine–loamy, mixed, superactive, calcareous, mesic Typic Xerorthents Entisols
3 Fine–loamy, mixed, superactive, mesic Typic Calcixerepts Inceptisols
4 Fine–loamy over sandy–skeletal, mixed, superactive, mesic Fluventic Haploxerepts Inceptisols
5 Coarse–loamy, mixed, superactive, calcareous, mesic Typic Xeroﬂuvents Entisols
6 Fine–loamy, mixed, active, mesic Fluventic Haploxerepts Inceptisols
7 Fine, mixed, superactive, mesic Fluventic Haploxerepts Inceptisols
8 Fine, mixed, superlative, mesic Typic Calcixerepts Inceptisols
9 Fine, mixed, superactive, thermic Xeric Haplocambids Aridisols
10 Fine, mixed, active, thermic Xeric Haplocalcids Aridisols
11 Fine, mixed, active, thermic Xeric Haplocalcids Aridisols
RW Stony or gravelly river beds** – –
* For the deﬁnition of subcategories, refer to Ababaei (2012).
** This family is not associated with the USDA taxonomy.
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gah) were used and the weather grid was delineated using the Thiessen’s method (Thiessen and Alter, 1911). Combining
LUTs and LUs resulted in Land Management Units (LMUs). Then, a planning model was developed for the entire study area
by LINGO software, which is a comprehensive tool designed to make building and solving mathematical optimizationmodels
easier and more efﬁcient (LINGO User’s Guide, 2011). Since the local farmers are mostly market-oriented in this region, total
net income was selected as the goal function of the optimization process. Decision variables included allocated area to each
LMU and other variables related to the Taleghan reservoir operation (Fig. 3).
Model implementation
Estimation of biophysical coefﬁcients
Biophysical input–output coefﬁcients (crop yield, water requirement, and nutrient losses) of the planning model were
generated by spatial application of crop models. In this process, the models implemented in the Decision Support System
for Agrotechnology Transfer (DSSAT) were used (Jones et al., 1989, 1994, 2003; Hoogenboom et al., 2003). The DSSA models
were calibrated using available ﬁeld data for wheat (Golkar, 1998), barley (Farhadi Bansouleh, 1998), corn (Mirlatiﬁ and
Sotoudehnia, 2001) and tomato (Farahmand, 2004) as the major cultivated crops in the study area. PEST (Model-Independent
Parameter Estimation and Uncertainty Analysis) was used to ﬁnd the target unknown crop parameters to achieve the min-
imum value of an error function (Doherty et al., 1995). It is a nonlinear parameter estimation software that can adjust model
parameters in order that the discrepancies between the model outputs and the corresponding measurements are reduced to
a minimum. Ecotype and cultivar coefﬁcients for silage maize, cotton and soybean were selected in a way that the DSSAT
models were capable of simulating (1) reported average yields, (2) seasonal evapotranspiration and number of required irri-
gation reported by the Ministry of Agriculture, and (3) the reported length of growing season in the study area.
The DSSAT models were used in 24 LUs (i.e. different combinations of weather stations and soil units; Table 2). Growth of
different crops was simulated for 100 years of synthetic data generated by a validated Weather Generator (see section
Weather generator). Only 20 years of these simulations were used as inputs to the PSS due to computer memory limitations
while running LINGO for a very large problem. The potential biophysical coefﬁcients were then scaled into actual values
using the Production Efﬁciency (PE) values. These efﬁciency values were determined using the method proposed by
Nazari (2012) based on the estimation of crop yield for each part of farm according to assumed values of water distribution
uniformity.
Estimation of socio-economic coefﬁcients
Socio-economic coefﬁcients included water price (per unit volume), production costs, yield price (main yield and by-
products) and labor requirements for all crops. The required information was obtained from the Ministries of Agriculture
and Energy and the Center of Statistics.
Weather generator
Simulation of daily climate time series is the most important and usual application of weather generators (WGs). Sensi-
tivity analysis of crop models revealed that the use of regional daily average temperature values results in the overestima-
tion of crop production. Therefore, the accurate simulation of crop production requires synthetic data which can mimic theFig. 3. Developed planning model and its reservoir operation sub-model.
Table 2
Land units.
Land unit no. Weather station Soil family* Area (ha) Area (%)
1 Qazvin 1 108.6 0.1
2 Qazvin 3 425.2 0.5
3 Qazvin 4 16541.6 18.9
4 Qazvin 6 7438.0 8.5
5 Qazvin 7 4409.0 5.0
6 Qazvin 8 705.8 0.8
7 Qazvin 9 1290.4 1.5
8 Qazvin 10 1206.5 1.4
9 Magsal 4 3918.1 4.5
10 Magsal 6 2603.7 3.0
11 Magsal 7 783.2 0.9
12 Magsal 9 4619.7 5.3
13 Magsal 10 4945.8 5.6
14 Magsal 11 2631.3 3.0
15 Nirougah 1 513.7 0.6
16 Nirougah 2 818.5 0.9
17 Nirougah 4 6094.0 7.0
18 Nirougah 6 8743.9 10.0
19 Nirougah 9 3640.6 4.2
20 Nirougah 10 821.7 0.9
21 Nirougah 11 1846.8 2.1
22 Takestan 3 1856.5 2.1
22 Takestan 4 3525.2 4.0
24 Takestan 7 8192.3 9.3
* For soil families, see Table 1; for soil subcategories, see Ababaei (2012).
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1998). In current study, six different WG models were assessed including a newly proposed semi-parametric algorithm pro-
posed by Ababaei et al. (2014a). The best WG model in the study area was selected according to the well-known error sta-
tistics. This model combines a daily WG model with a monthly sub-model to better reproduce interannual variations of
climate variables. A correction algorithm is also incorporated to improve the performance in relation to the interannual vari-
ances (i.e. low-frequency variances). More details on these weather generators can be found in Ababaei et al. (2014a) and
Ababaei (2012). After choosing the best WG model in the study area, a newly proposed algorithm was developed which
was capable of preserving spatial correlation between neighboring stations. This algorithm uses an extended Markov model
for precipitation occurrence simulation and a semi-parametric algorithm for other climate variables (Ababaei et al., 2014b).
Climate change scenarios
In order to describe climate change scenarios (IPCC Emission Scenarios, SRES), the monthly outputs from 25 General Cir-
culation Models (GCMs) were extracted from the PCMDI database (Table 3) for all climate change scenarios (CCSs). These
scenarios included 20c3m (the twentieth century scenario as the base scenario), Commit (CM), A1b, A2 and B1
(Nakicenovic et al. 2000). The means and standard deviations of monthly mean values were calculated for all scenarios
for the periods 1980–1999 (base) and 2040–2069 (future). Two kinds of changes (anomalies) relative to the base scenario
were studied: (1) changes in the mean of monthly means, and (2) changes in the standard deviation of monthly means
(i.e. interannual standard deviation). Absolute changes (Eq. (1)) were used to calculate temperature anomalies and the rel-
ative changes (Eq. (2)) for precipitation and the interannual standard deviations:DT ¼ TGCM;S  TGCM;B ð1Þ
DV ¼ VGCM;S=VGCM;B ð2Þwhere T: average temperature means, V: mean or standard deviation of precipitation, S subscript: simulated CCS by a speciﬁc
GCM model and B subscript: simulated base scenario by the same GCM model. The Inverse Distance Weighting (IDW) inter-
polation method was used for removing the discontinuity between the adjacent stations. The value of the desired variable at
a target point is calculated by weighted averaging the values at K number of the nearest GCM grid points. K and other model
parameters were selected by a trial and error algorithm (Ababaei, 2012). The CCSs were classiﬁed into ﬁve classes. The ﬁrst
class includes all CCSs together (All). The other classes each include one climate change scenario (CM, A1B, A2, and B1). In
each class, the anomalies were calculated for the 50% percentiles as the representatives of the CCSs.
Reservoir daily inﬂow simulation
In the recent years, Artiﬁcial Neural Networks (ANNs) have been widely applied to simulate and forecast the hydrological
variables (Ababaei et al., 2012; Razavi and Araghinejad, 2009; Razavi and Karamouz, 2007). In this study, a new type of
Table 3
General Circulation Models (GCMs) used in this study.
No. Name Institute Country
1 BCC-CM1 Beijing Climate Center China
2 BCCR-BCM2.0 Bjerknes Centre for Climate Research Norway
3 CCSM3 National Center for Atmospheric Research USA
4 CGCM3.1(T47) Canadian Centre for Climate Modelling and Analysis Canada
5 CGCM3.1(T63) Canadian Centre for Climate Modelling and Analysis Canada
6 CNRM-CM3 Météo-France/Centre National de Recherches Météorologiques France
7 CSIRO-Mk3.0 CSIRO Atmospheric Research Australia
8 CSIRO-Mk3.5 CSIRO Atmospheric Research Australia
9 ECHAM5/MPI-OM Max Planck Institute for Meteorology Germany
10 ECHO-G Meteorological Institute of the University of Bonn, Meteorological
Research Institute of KMA, and Model and Data group.
Germany/Korea
11 FGOALS-g1.0 LASG/Institute of Atmospheric Physics China
12 GFDL-CM2.0 US Dept. of Commerce/NOAA/Geophysical Fluid Dynamics Laboratory USA
13 GFDL-CM2.1 US Dept. of Commerce/NOAA/Geophysical Fluid Dynamics Laboratory USA
14 GISS-AOM NASA/Goddard Institute for Space Studies USA
15 GISS-EH NASA/Goddard Institute for Space Studies USA
16 GISS-ER NASA/Goddard Institute for Space Studies USA
17 INGV-SXG Instituto Nazionale di Geoﬁsica e Vulcanologia Italy
18 INM-CM3.0 Institute for Numerical Mathematics Russia
19 IPSL-CM4 Institut Pierre Simon Laplace France
20 MIROC3.2(hires) Center for Climate System Research (The University of Tokyo),
National Institute for Environmental Studies, and Frontier
Research Center for Global Change (JAMSTEC)
Japan
21 MIROC3.2(medres) Center for Climate System Research (The University of Tokyo),
National Institute for Environmental Studies, and Frontier
Research Center for Global Change (JAMSTEC)
Japan
22 MRI-CGCM2.3.2 Meteorological Research Institute Japan
23 PCM National Center for Atmospheric Research USA
24 UKMO-HadCM3 Hadley Centre for Climate Prediction and Research/Met Ofﬁce UK
25 UKMO-HadGEM1 Hadley Centre for Climate Prediction and Research/Met Ofﬁce UK
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simulation of the Taleghan reservoir daily inﬂows. This structure has been successfully used to simulate nonlinear systems
in different ﬁelds of science except hydrology (Ceka et al., 2000; Eskinat et al., 1991; Kalafatis et al., 1995; Pearson and
Pottmann, 2000). Models were tested using available historic data on the Taleghan reservoir. Then, the selected models were
also assessed with a 100 year synthetic daily data generated by the tested weather generator.
Data fusion (DF) is the process of combining information from multiple sensors or data sources to provide a solution to
increase accuracy or make more inferences (Dasarathy, 1997). DF method could signiﬁcantly improve hydrological forecasts
in comparison with the use of a single model (See and Abrahart, 2001; Abrahart and See, 2002; Shu and Burn, 2004; Azmi
et al., 2010). Two different data fusion strategies were tested and applied for daily inﬂow simulation of the Taleghan reser-
voir (Ababaei et al., 2013). Four ANNmodels besides two HWmodels with the best speciﬁcations were used as the individual
simulation models. Both algorithms were assessed in relation to the monthly mean and standard deviation of reservoir
inﬂows.Groundwater balance
In order to estimate groundwater balance and maximum allowable withdrawal in each year, a simple groundwater bal-
ance subroutine was used as part of the developed PSS. In this model, maximum allowable withdrawal from each LU in each
year was estimated based on the volumes of deep percolation, depending on water application, distribution and delivery efﬁ-
ciencies, rainwater inﬁltration and total artiﬁcial groundwater recharge in the last year.Constraints
Since the planning model is essentially an optimization algorithm, it is subjected to several constraints. Constraints
applied on the area allocated to each crop in each LU included maximum fallow area in the study area, groundwater balance,
maximum volume of water allocated for groundwater recharge, and the constraints related to the reservoir operation includ-
ing those associated with the domestic water requirements. Each of these constraints was taken into consideration at its rel-
evant scale and represented the limitation of activities at a speciﬁc scale. For instance, limitations on groundwater usage
have been considered at the LU level, while limitations on the allocated area to each crop have been considered at the global
scale (i.e. the entire irrigation and drainage network).
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A general framework for policy assessment in agriculture and land use sectors is presented in Fig. 4. Sometimes the objec-
tives of policy makers are different than farmers. Therefore, it is necessary to use policy instruments to change farmers’
behaviors and eventually land uses. In this study, the farmers’ responses to a number of policy instruments (i.e.management
scenarios) were simulated by the proposed PSS. Appropriate economic, social and environmental indices were estimated to
assess the impacts of each instrument using a multi-criteria analysis. Seven management scenarios (i.e. adaptation strate-
gies) were studied: (BS) the current management (base management scenario), (S1) expansion of pressurized irrigation sys-
tems across the study area, (S2) reducing bank loan interest rate for pressurized irrigation systems, (S3) setting two different
water prices for surface and pressurized irrigation systems (higher for surface irrigation systems), (S4) increasing supply and
distribution efﬁciencies of canal networks by 10% and also increasing water application efﬁciencies for surface irrigation by
5%, (S5) a combination of all other strategies, and (S6) a combination of all other strategies with a 50% cut in domestic water
demand from the Taleghan reservoir.
Economic, social and environmental indices must be selected according to the objectives of policy makers in agriculture
sector. A list of indices can be found in Farhadi (2009) and Ababaei (2012). The division of these indices is quite subjective.
For example, employment could be considered as a social or economic index.
The selected assessment indices in the current study from the economic viewpoint are presented in Table 4. From social
or environmental point of views, the weight of 0.6 was allocated to the social or environmental general objectives, respec-
tively. The overall weight of each index was calculated by multiplying the weights of general objectives, sub-objectives and
the indices. Some indices were just estimated as informative and did not inﬂuence the ranking of scenarios.
Since these indices have different units and magnitudes, they must be standardized before further analysis. In relation
with the beneﬁt indices, the standardization was carried out in a way that the highest score was allocated to the index with
the highest value. As to the cost indices, this was done in a way that the lowest score was allocated to the index with the
highest value. In this study, two different standardization methods were used: (1) Maximum standardization (Eq. (3)),
and (2) Exponential standardization (Eq. (4)):Benefit : XSi ¼ Wi  XiMaxðXÞ Cost : XSi ¼ Wi 
1=Xi
Maxð1=XÞ ð3Þ
Benefit : XSi ¼ Wi  e
Xi
MaxðXÞ Cost : XSi ¼ Wi  e
Xi
MaxðXÞ ð4Þwhere Wi: allocated weight to the ith index, Xi: non-standard value of ith index and XSi: standardized value of ith index.Results and discussion
Crop model calibration
The results of crop model calibration and validation showed that these models were very capable of simulating total
biomass, yield and straw (by-product) production. Speciﬁcally, the model performances were favorable in simulating
nearly-full irrigation scenarios. For barley, SRMSE (Standardized Root Mean Square Error) values, calculated by dividing
the RMSE values by the observed mean value, were equal to 5.5, 10.9 and 3.6% for yield, straw and total biomass production,Fig. 4. Land use policy development ﬂowchart (Shariﬁ, 2003).
Table 4
Selected indices for policy assessment (from the economic viewpoint).
General Objectives Sub-objectives Indices Overall weight
Economic 0.60 Total income 0.30 Total net income 1.00 0.1800
Total gross income 0.00 0.0000
Total costs 0.20 Total crop costs 0.70 0.0840
Pressurized irrigation system costs 0.30 0.0360
Crop production 0.30 Total agricultural production 0.35 0.0630
Strategic crop production 0.25 0.0450
Wheat production 0.20 0.0360
Silage maze production 0.10 0.0180
Barley production 0.10 0.0180
Economic productivity 0.20 Water economic productivity 0.50 0.0600
Land economic productivity 0.25 0.0300
Labor economic productivity 0.25 0.0300
Social 0.20 Total Employment 0.60 Total employment 1.00 0.1200
Regional production Self-sufﬁciency 0.35 Production per labor 1.00 0.0700
Pressurized irrigation area 0.05 Pressurized irrigation area 1.00 0.0100
Environmental 0.20 Water use 0.60 Total water use 0.00 0.0000
Total surface water use 0.00 0.0000
Total groundwater use 0.00 0.0000
Total agricultural water demand 0.50 0.0600
Agricultural surface water demand 0.25 0.0300
Agricultural groundwater demand 0.25 0.0300
Chemical fertilizers 0.40 Total nitrogen fertilizers 0.25 0.0200
Total Phosphorus fertilizers 0.25 0.0200
Nitrogen leaching 0.50 0.0400
Artiﬁcial groundwater recharge 0.00 Artiﬁcial groundwater recharge 0.00 0.0000
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R2 values for tomato and fresh yield were 10% and 0.98, respectively.Reservoir daily inﬂow under climate change scenarios
Two different data fusion strategies were tested for daily inﬂow simulation of the Taleghan reservoir. The results proved
the data fusion method to have the capacity to improve substantially the simulations of individual simulation models and to
decrease the bandwidth of errors (Ababaei et al., 2013). The best data fusion algorithm predicted increase of the monthly
means only for October. The maximum predicted decreases in the monthly mean inﬂows were 18% (November), 20% (July),
14% (November) and 14% (November) under A1B, A2, B1 and CM scenarios, respectively. The mean decreases of the monthly
mean inﬂows under A1B, A2, B1 and CM climate change scenarios were predicted 9%, 10%, 6% and 5%, respectively, and 7.4%
(Ababaei et al., 2013).Estimation of biophysical coefﬁcients
Biophysical input–output coefﬁcients (crop yield, water requirement, and nutrient losses) have been generated by spatial
application of crop models. The results revealed that crop yields under different climate scenarios could vary between 86%
and 122% of the yields during the base period. Crop responses defer under different climate change scenarios. Net irrigation
requirements of the studied crops are generally projected to decrease under climate change scenarios (12%. on an average).
Crop yields and net irrigation requirements showed considerable temporal and spatial variations.PSS validation
In order to validate the accuracy of the developed planning model, it was run for 20 years using the generated climate
data as the representative of the base period and then results were compared with the average historic data. Cultivated area
of each crop was kept between 70% and 100% of the values in current situation. It can be seen from Fig. 5 that if all constraints
are taken into consideration for all 10 day simulation periods, it is not possible to cultivate the whole study area without
some crops undergoing water stresses (speciﬁcally corn and silage maize).
The volumes of water withdrawn from surface (reservoir) and groundwater resources were shown in Fig. 6. A part of the
differences between simulated and observed volumes from surface resources is related to the withdrawn volumes of water
from local rivers which are not considered in the planning model. R2 value between observed (monthly average) and sim-
ulated values was 0.95 and between the observed values with the reliance probability of 80% and the simulated values
was 0.94.
Fig. 5. Simulated and observed areas allocated to crop production.
Fig. 6. Volume of surface and ground water withdrawal for a 20 year simulation period (simulated) as compared to the average historic data (design).
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Finally, the proposed and validated PSS was used to assess a few feasible strategies for adaptation to climate change. The
S6 scenario was assessed just under climate change scenarios excluding the Commit scenario and was not considered in the
ﬁnal comparison. Overall scores of each adaptation scenario are presented in Tables 5 to 7 besides the scores of each general
objective independently. In each row of these tables, the score of the best adaptation scenario is highlighted. The results
show that different adaptation strategies could have reciprocal impacts. It is also concluded that some combinations of these
strategies may not be the optimum practice (for example from the social or environmental viewpoints). Nonetheless, under
all climate scenarios, the combination of all adaptation strategies results in the best economic outcomes, although there are
sometimes insigniﬁcant differences between S2, S3 and the combination scenario (S5).
Uncertainty analysis (Table 8) revealed that the ﬁnal ranking of the studied scenarios is not sensitive to the allocated
weights of the selected indices since even by considering 50% of uncertainty (error) in these weight values, S5 scenario is
always selected as the best management scenario, and S2 and S3 scenarios ranks as the second and third. Since it is notTable 5
Overall and individual scores of different objectives (base scenario).
Maximum Standardization Exponential Standardization
Management Scenarios BS S1 S2 S3 S4 S5 BS S1 S2 S3 S4 S5
Overall: Economic 0.89 0.91 0.92 0.90 0.94 0.95 1.83 1.92 1.94 1.90 1.92 1.97
Overall: Social 0.89 0.94 0.95 0.95 0.92 0.98 1.99 2.10 2.12 2.12 2.06 2.17
Overall: Environmental 0.85 0.90 0.91 0.91 0.91 0.97 1.14 1.21 1.22 1.21 1.20 1.26
Economic Objectives 0.92 0.89 0.91 0.88 0.96 0.92 2.10 2.18 2.22 2.14 2.20 2.24
Social Objectives 0.90 0.97 0.98 0.99 0.93 1.00 2.49 2.64 2.66 2.68 2.57 2.72
Environmental Objectives 0.82 0.87 0.89 0.90 0.88 0.98 0.37 0.41 0.41 0.42 0.41 0.45
Table 6
Overall and individual scores of different objectives (A1B scenario).
Maximum Standardization Exponential Standardization
Management Scenarios BS S1 S2 S3 S4 S5 S6 BS S1 S2 S3 S4 S5 S6
Overall: Economic 0.80 0.82 0.85 0.82 0.84 0.88 0.89 1.65 1.75 1.80 1.74 1.72 1.83 1.95
Overall: Social 0.79 0.83 0.87 0.85 0.82 0.90 0.92 1.79 1.89 1.95 1.91 1.83 1.99 2.13
Overall: Environmental 0.79 0.82 0.86 0.83 0.84 0.93 0.84 1.06 1.12 1.16 1.13 1.10 1.20 1.22
Economic Objectives 0.81 0.81 0.83 0.80 0.86 0.84 0.89 1.87 2.00 2.03 1.97 1.97 2.06 2.22
Social Objectives 0.79 0.85 0.88 0.87 0.80 0.90 0.98 2.22 2.35 2.43 2.39 2.25 2.47 2.67
Environmental Objectives 0.78 0.81 0.87 0.84 0.84 0.97 0.78 0.39 0.42 0.45 0.43 0.43 0.48 0.41
Table 8
The probability of allocating ranks 1–6 to adaptation strategies due to uncertainty in weight allocations.
Uncertainty Levels ±10% ±30% ±50%
Scenarios Scenarios Scenarios
Rank BS S1 S2 S3 S4 S5 BS S1 S2 S3 S4 S5 BS S1 S2 S3 S4 S5
Economic Viewpoint 1 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100
2 0 0 100 0 0 0 0 0 100 0 0 0 0 0 95.5 0 4.5 0
3 0 0 0 75.7 24.3 0 0 0 0 61.4 38.6 0 0 0 4.5 54.7 40.8 0
4 0 0 0 24.3 75.7 0 0 16.8 0 38.6 44.6 0 0 26.2 0 45.3 28.5 0
5 0 100 0 0 0 0 0 83.2 0 0 16.8 0 0.1 73.7 0 0 26.2 0
6 100 0 0 0 0 0 100 0 0 0 0 0 99.9 0.1 0 0 0 0
Social Viewpoint 1 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100
2 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0
3 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0
4 0 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0
5 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100 0
6 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0
Environmental Viewpoint 1 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100
2 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0
3 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0
4 0 100 0 0 0 0 0 100 0 0 0 0 0 98.3 0 0 1.7 0
5 0 0 0 0 100 0 0 0 0 0 100 0 0 1.7 0 0 98.3 0
6 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0
Table 7
Overall and individual scores of different objectives (all scenarios).
Maximum Standardization Exponential Standardization
Management Scenarios BS S1 S2 S3 S4 S5 BS S1 S2 S3 S4 S5
Overall: Economic 0.85 0.88 0.91 0.89 0.89 0.94 1.74 1.89 1.95 1.90 1.83 1.97
Overall: Social 0.83 0.91 0.95 0.94 0.87 0.97 1.89 2.06 2.14 2.11 1.96 2.16
Overall: Environmental 0.81 0.87 0.91 0.90 0.86 0.96 1.10 1.19 1.24 1.22 1.15 1.27
Economic Objectives 0.87 0.87 0.90 0.86 0.91 0.90 1.99 2.15 2.21 2.13 2.09 2.23
Social Objectives 0.84 0.94 0.98 0.98 0.87 1.00 2.36 2.58 2.68 2.66 2.44 2.71
Environmental Objectives 0.78 0.85 0.89 0.88 0.84 0.97 0.38 0.41 0.43 0.43 0.41 0.47
48 B. Ababaei et al. / Climate Risk Management 6 (2014) 39–50realistic that all of these strategies can be implemented together (such as in S5 scenario), it can be concluded that the best
adaptation scenarios in the study area are S2 and S3, respectively.Conclusions
The planning support system proposed here can help to assess policy instruments and management scenarios in the Qaz-
vin irrigation and drainage network by combining available information from different sources with different formats. Spa-
tial and temporal variations of biophysical potentials and their impacts on potential production and required inputs were
taken into consideration. Application of crop models for estimating potential yields and determining crop irrigation require-
ments in each land unit is one of the advantages of this study. Determining and mapping analysis units is a critical step in
combining biophysical and socio-economic information because different data comes from different spatial scale.
B. Ababaei et al. / Climate Risk Management 6 (2014) 39–50 49Biophysical and socio-economic information were used to simulate farmers’ responses to policy instruments. Biophysical
information can be used in each land unit to simulated potential crop yields or crop yields under deﬁcit irrigation. Since crop
models do not take the impacts of applied management into consideration, the concept of Production Efﬁciency was used to
change potential biophysical coefﬁcients into actual coefﬁcients in each LMU.
The main objective of this planning model was the maximization of total net income in the study area. Since the relative
importance of different objectives is different between beneﬁciary sectors, weighting the objectives was done from three dif-
ferent viewpoints: economic, social and environmental. But, it is better to consult all beneﬁciary sectors while determining
these weights. Four climate change scenarios were assessed besides the base scenario. The inclusion of these scenarios
showed the wide uncertainty range of climate change scenarios. Although similar management scenarios were selected
for all climate scenarios, but the evaluation indices have different values under each climate scenario.
A multi-criteria evaluation technique was used to assess proposed policy instruments and management scenarios from
different viewpoints. The most critical issue is the selection of indices and determining their relative importance. It can
be expected that policy makers and other beneﬁciary sectors do not know exactly the weights of different objectives (indi-
ces) before performing analysis. Therefore, the uncertainty analysis was performed to assess the impacts of this kind of
uncertainties on the selection of the best adaptation scenarios.
The selection of S2 (reducing bank loan interest rate for pressurized irrigation systems) and S3 (setting higher water price
for surface irrigation systems) management scenarios as the best adaptation strategies (after the combination scenario, S5)
shows the importance of water shortage issues in the study area. Among the policy instruments, those dealing with decreas-
ing agricultural water use and improving water use efﬁciency are of the greatest importance to policy makers and farmers
due to the dry nature of the country and insigniﬁcant expansion of pressurized irrigation systems in the study area. The
results of this study show that increasing investments on pressurized irrigation systems and improving water delivery efﬁ-
ciencies and application efﬁciencies of surface irrigation systems can have positive impacts on the total net income of the
whole study area. It may also result in many other merits such as higher water productivity, higher self-sufﬁciency of the
study area and lower level of chemicals leaching which are as important as the economic advantages.
Issues related to water scarcity are expected to be more pronounced under climate change scenarios. The results revealed
the possibility of considerable reduction in available fresh water and substantial increase in domestic water demands espe-
cially from Tehran city. Hence, it is useful to design and validate robust tools which are capable of evaluating different coping
strategies under different climatic conditions. The results of this study show that it is possible to incorporate a policy-making
process with climate change impact assessment studies using a planning support system. This leads to a better understand-
ing of the integrated system taking into consideration temporal and spatial variations of biophysical potentials under differ-
ent climate scenarios and it helps to be prepared before it is too late.References
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